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© DEVELOPER CIRCULATING METHOD IN FLEXOGRAPHIC PLATE MAKING STEP AND APPARATUS FOR 
PRACTICING THE SAME. 

■•fill 
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TECHNICAL FIELD 

The present invention relates to a developer-circulating method and an apparatus lor carrying out the 
method in manufacturing a printing plate made of photosensitive resin and in particular « c 
prating plate of water-development type, with water-dispersion type res,n grams wh.ch have been eluted .n 
developer (water) being effectively removed and developer c.rculated. 

BACKGROUND ART 

As developer to be used in making the flexographic printing plate, chlorine-series solvent such as 1, 1, 
1-trich.oroeLne is being rep.aced by aqueous solvent which is safe and inexpensive .nk for use in 
or ntinq otliness ink is more dominant over aqueous ink. But the function of a compound composing the 
Logralrprm ing plate that the component is dissolved in water during development ,s a recproca 
S3 water-proof ink. In order to solve this reciprocity law, it is likely that a compound of conventual 
water-soluble type is being replaced by a compound of water-dispersion type. 

However, in the compound of the water-dispersion type, grains are formed in an eluate ,n *"*»nenL 
As a result defective phenomena that the grains adhere to a developing device and the pnnting plate occur 
during development. Tnus. it is necessary to solve the defective phenomena by discharging res.n grains 
from a deve.oper-circuiating system and taking measures of dissolving the resin grains im the eta* 

As examples of performing such a treatment, there .s disclosed in USP4.239.368 an apparatus tor 
devetopfng a printing plate comprising a device for separating solid content from liquid by circulating res.n 
gr^s by a pump and filtering them with a cartridge fitter in order to prevent a printing piate and the interior 
of the developing apparatus from being polluted by tailings of eluted res.n. 

There is disclosed in EP430.233A an apparatus, similar to the art disclosed in USP4 .239 368 for 
flocculating and precipitating dispersed resin (tailings) by transferring developer to a precipitation tank and 
Sng it to stand overnight, and then, separating solid content from liquid by means of a filter. 
Tonvelnal methods for removing resin tailings formed in developer is classified into the fo.lowmg two 

melh According to a first method, in order to prevent grains from being deposited as tailings, grains are 
stabH Persed without depositing as tailings by adding comp.exing agent (Examined Ja Panese Pa en 
Publication No 4-14342), carrying out the pH adjustment of the grams by adding acd or alkali 
^P4%6,042); or adding emulsifying agent. The method disclosed in EP430.233A ,s also intended to 
diqqnlve arains in developer or disperse them therein stably. 

Acco?r g to a second method, solid content is separated from liquid by means of a cartr, dge Mter 
(USM 239 368 EP430.233A). or grains are allowed to stand to separate them from liquid by flocculat.cn 

^l^^Zt ^cation NO. 4, 4342, USP4,96.042. - B^. 
dissolving or stably dispersing grains by the addition of complexing agent or emulsifying agent and 
SStion have however. L following problems: since it takes a long time to perform deve oping 
one ratorLe is a problem in safety, i.e. human bodies are seriously affected owing to the simulation of 
kTor eyes caused by the increase of dissolved chemical substance; the viscosity of the deeper 
n eases and characteristics of the developer such as P H thereof fluctuates, thus having greatly ^adverse 
effect on plate-making performance, i.e. the qualities of printing plates are nonuniform, and dissolved 
fubs ances adhere to L apparatus, thus deteriorating the durability thereof and making running cost htft 

Accordingly it is an ob£t of the present invention to solve the above-described problems, and provide 
a deve o e ciL.ating method and an apparatus for carrying out the method in making a exo^phc 
Printing plate superior in operation efficiency, work efficiency, and processing efficiency, i.e., the method 
and the apparatus preventing dissolved chemica. substance from seriously affecting human bod.es so as to 
Chance The safety being capable of preventing the increase of the viscosity of developer; and being 
^<Tef£** Preventing the dissolved chemical substance from adhering to the apparatus, thus 
pSvelg the me of the apparatus from being reduced and co.lecting the dissolved chemical substance in 
a short period of time. 
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In order to achieve the above object, according to the present invention, flocculating a 9ent flocculates 
so.id content o, .iquid containing resin component water-dispersed in developer for 
raphic printing plate material, the flocculated solid content in the l.qu.d conta.n.ng the flocculated sol.d 
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content is separated from the liquid; and the solid content is discharged and the liquid is re-utilized as the 

deVe Mo P re r 'specifically, a developer-circulating method comprises a developing process of developing a 
flexographic printing plate material composed of a photosensitive resin compound less than one in speofcc 
gravity and containing water-dispersion type resin component; a flocculating process of supplying developer 
containing unexposed photosensitive resin compound discharged from the developing process and sup- 
plying flocculating agent in the developer to flocculate the resin component contained in the developer, and 
discharging flocculated liquid containing the flocculated resin component; and solid content/l.qu,d content 
separating process of separating the flocculated liquid discharged from the flocculating process mto sohd 
content and liquid content and supplying only the liquid content again into the develop.ng process by 
discharqinq the solid content and the liquid content separately. 

in the apparatus having the above construction, there can be provided a pH-adjust,ng process of 
adjusting the pH of the liquid content discharged from the solid content/liquid content separating process to 
5 5 through 8.5 subsequently to the developing process and the solid content/liquid content separating 
process and then supplying into the developing process the pH-adjusted liquid content aga.n. 

In the apparatus having the above construction, in flocculating the resin component by means of the 
flocculating agent in the flocculating process, the resin component can be floated on the liquid surface-s.de 
by allowing the developer to stand, and the floated resin component can be d.scharged to the sohd 
content/liquid content separating process. 

in the above construction, in the flocculating process, the pH of the developer conta.n.ng the unexposed 
resin compound discharged from the developing process can be adjusted to 5.5 through 8.5. 

A developer-circulating apparatus comprises a developing tank for developing a flexograph.c printing 
plate material composed of a photosensitive resin compound less than one in specif.c gravity and 
containing water-dispersion type resin component; a flocculating tank in which developer containing 
unexposed resin compound discharged from the developing tank is supplied and then flocculating agent . s 
supplied to flocculate the resin component contained in the developer, and flocculated l.qu.d conta.n.ng the 
flocculated resin component is discharged; and a solid content/liquid content separation dev.ce for 
separating the flocculated liquid discharged from the flocculating tank into solid content and l.qu.d content 
and then discharging the solid content and the liquid content separately, and then supplying only the liquid 
content again into the developing tank. . 

The apparatus can further comprise a pH-adjusting tank, disposed between the solid content/liquid 
content separation device and the developing tank, for adjusting the pH of the liquid content d.scharged 
from the solid/liquid separation device to 5.5 through 8.5 and supplying the pH-adjusted liquid content into 
the developing tank. 

In the apparatus, the flocculating tank can further comprise a stationary tank for caus.ng the resin 
component to float on the liquid surface-side in flocculating the resin component by means of the 
flocculating agent and then discharging the floated resin component to the solid content/liquid content 

separation device. K . 

In the apparatus having the above construction, the solid content/liquid content separate device can 
be a continuous type vacuum filtration device having a rotary cylindrical filtering material; and a quid 
supply angle 9, between the flocculating tank and the filtering material in a range of from a vertical line 
passinq through the center of the filtering material to the flocculating tank is 0 through 90 • 

The apparatus having the above construction can be so constructed that the vacuum filtration device 
has a scraper for scraping cake which has attached to the filtering material and a cake shoot, disposed 
below the scraper, for guiding the cake which has been attached to the filtering material so as to separate 
the cake therefrom; the leading end of the cake shoot has an angle in conformity to the peripheral direction 
of the filtering material; supposing that 6 2 is an angle between the vertical line passing through the center of 
filtering material and the edge of the scraper. e 2 = 45 through 135 • ; supposing that 0 3 is an angle between 
the vertical line and the leading end of the cake shoot. e 3 = e 2 * (3 through 45"); supposing that 6* is an 
angle between a tangential line drawn on the surface of the filtering material at the edge of the scraper and 
the scraping surface of the scraper. 0* = 0 through 45" ; supposing that L is an interval between the cake 
shoot and the surface of the filtering material, L = 0 through 3mm. 

The apparatus having the above construction can be so constructed that the pH of the developer 
containing the unexposed photosensitive resin compound discharged from the developing tank is adjusted 
to 5.5 through 8.5 in the flocculating tank. 

The apparatus having the above construction can be so constructed that the flocculating tank is 
composed of a hopper, having a cone portion at a lower portion thereof, to which the developer discharged 
from the developing tank is supplied to generate a rotary water flow in a peripheral direction thereof; and 



EP 0 624 828 A1 



thp ripvelooer is discharqed from a lower end of the hopper. 

nXiJS having the above construction, the solid content/liquid content separate dev.ee can 

^ TdeXtciSZ'method comprises a deve.oping process of developing a fiexographic printing 
; p,ate matS composed of a photosensitive resin compound less than one in spec, he grav.ty and 
conLTnq water-dispersion type resin component; a solid content/liquid content separating process of 
Z**Z dev ope r P c 0ntainj n y g P unexposed photoser,sitive resin compound discharged from the deve.op.ng 
p^ss into so.id P content and liquid content, and then discharging the solid content and I the i ..qu. content 
seoaratelv and then supplying only the liquid content into a subsequent process; and a pH-adjusbng 
,o oZToi ad us. g the pS of ft. liquid content discharged from the solid content/liquid content separating 
process to 5.5 through as. and then supplying the pH-adjusted liquid content into the deve.op.ng process 

""'A' developer-circulating apparatus comprises a developing tank for developing a fiexographic printing 
plate materia' composed of a photosensitive resin compound less than one ,„ spec.f.c grav y and 

, 5 containing water-dispersion type resin component; a solid content/liquid content separation dev^e for 
eSng developer containing unexposed photosensitive resin compound discharged from the developing 
ank into solid content and liquid content, and then discharging the solid content and the liquid content 
sepa lly supplying only the liquid content into a subsequent tank; and a pH-adjustmg tank for adjushng 
Z ™oT« incited liquid content discharged from the solid/liquid separation device to 5.5 through 8.5, 

20 and then supplying the pH-adjusted liquid content into the developing process aga.n. 

According o the construction of the present invention, after the solid content such as res.n .n the 
develooer is flocculated, the solid content is separated from the liquid content successively ^Thus an 
le e P ssa substance solid content of resin not exposed to light) can be efficiently *«^ed^n*e 
anoaratus Therefore, the quality of manufactured printing plates are un.form; and the unnecessary 

25 £ does not adhere to the printing plate or the apparatus and hence, the printing performance of the 
P X P .ate i no deteriorated and the durability o, the apparatus is not reduced. Further, the devetoper 
S which the solid content has been removed can be recycled so that the developer can be riM«n 
n development and thus running cost can be reduced. In addition, since the res.n compound having a 
peci c graTy less than 1 is used, it is easy for the solid content to float on the surface of the develope 

30 and hence quid containing the solid content having a high density can be supplied to the solid content 
concentrating process through oversow. Accordingly, the solid content can be d.scharged effect.vely and 
Z ZTlco^ng time 9 period is short. Thus, operation effici ency work f^^^ 
efficiency are favorable. Furthermore, the pH of the developer from wh.ch the sohd content has .been 
^movedthrough the solid/liquid separation process can be adjusted so 1 that the deve, 

35 effect on a human body. Therefore, dissolved chemical substances do not affec the human body and 
hence the developer is safe and in addition, the increase in the viscosity of the developer can be prevented 
Thus the change in the characteristics of the developer such as pH can be reduced and pr.nt.ng plates can 

be made in uniform quality. ,. . . • t , »h tho r>n thpr^of is 

Further when it is supposed that the solid content of the l.qu.d .s flocculated and the pH thereof is 
40 adiusted in the flocculating process or the flocculating tank at the same time, the sohd content can be 
40 cuSed which further improves the filtering efficiency in the filtering process, h^oMhe 

provision of the pH-adjusting tank to be used in a subsequent process can be omitted. Accordingly, a 

^ZS^££SL "occulating tank, a hopper can be used which has a cone portion at a 
45 loweC portl^ hereof, to'which the developer discharged from the developing tank is ^^n^a 
small rotary water flow in a peripheral direction thereof, wherein the developer .s d.scharged from a low* 
enZ L hopper Therefore, it is unnecessary to provide the apparatus with a propeller stirrer and hence 
he a paratusTs allowed to be compact and in addition, flocculated slurry can include paving 
uniform density and solid content having an appropriate grain size. As a result, the clogging of the bag filter . 
50 f er ng matenal) is minimized, thus maintaining a favorab.e filtering efficiency. The smal rotary water flow 
s qTeraTed thus causing a turbulent state and considerably preventing the solid content from adhering to 
the Z Zece ot the fLu.at.ng unit and the inner waHs of pipes. Accordingly, the apparatus can be 
operated for a long time and the maintenance thereof can be facilitated. 

55 BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a view showing a schematic construction of an apparatus for carrying out a de vel °^^ 
method, in a fiexographic printing plate-making, according to a first embod.ment of the present .nvent.on, 
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Fiq 2 is a schematic side view showing a detailed construction of the apparatus shown in fig. 1; 

Fig 3 is a schematic side view showing principal portions of the apparatus shown in fig. 2; 

Fig 4 is a schematic side view showing principal portions of the apparatus shown in F.g. 2; 

Fiq 5 is a descriptive view for describing a method of supplying an Oliver filter with slurry; 

Fig'. 6 is a descriptive view for describing scraping of cake which has adhered to a filtering material of 

the Oliver filter; 

Fiq 7 is a partly enlarged view showing a cake shoot of the Oliver filter; 

Fig. 8 is a view showing a schematic construction of an apparatus according to a second embodiment of 

the present invention; . 

Fiq 9 is a schematic side view showing a detailed construction of the apparatus shown in F,g^8 

Fig. 10 is a view showing a schematic construction of an apparatus according to a third embod.ment of 

the present invention; 

Fiq 1 1 is a schematic side view showing a detailed construction of the apparatus shown in F,g. 10, 

Fig. 12 is a view showing a schematic construction of an apparatus according to a fourth embod.ment of 

the present invention; , ... 

Fig 13 is a schematic perspective view showing a flat plate type elut.on apparatus as a detailed 

apparatus of the apparatus shown in Fig. 12; 

Fig 14 is a schematic perspective view showing a cylindrical type elution apparatus as a detailed 
apparatus of the apparatus shown in Fig. 12; 

Fig 15 is a schematic perspective view showing a hopper of each of the apparatuses shown ,n F.gs. 13 

Fi^. 16 is a front view showing a flocculating/filtering portion of each of the apparatuses shown in Figs. 

13 and 14; . 

Fig 17 is a front view showing a filter of each of the apparatuses shown in Figs. 13 and 14; 

Fig. 18 is a sectional view, showing the filter of Fig. 17, taken along a line X-X of Fig. 17; 

Fiq 19 is a schematic construction view showing a conventional flocculation tank; 

Fig! 20 is a view showing a schematic construction of an apparatus according to a fifth embodiment of 

the present invention; and 

Fig 21 is a schematic side view showing the apparatus according to the first embodiment of the present 
invention with which an ion exchange cartridge is provided for a pH-adjustment. 

BEST MOPE FOR CARRYING OUT THE INVENTION 

An embodiment of the present invention is described below with reference to Figs. 1 through 14 and 16 

A developer-circulating method in making a flexographic printing plate and an apparatus for carrying out 
the method according to a first embodiment of the present invention, as shown in F.g 1, generally 
comprises an elution unit (an elution tank or developing tank 4); a flocculation unit (a flocculation reaction 
tank 7 and a solid content concentration tank 10) of dispersed polymer; solid/liquid separation unit (a 
continuous type vacuum filtration separation unit 12); and a pH-adjusting unit (a pH-adjusting tank 19) for 
optimizing the pH of filtrate as a secondary treatment thereof, thus constituting a recycling closed system 

The transportation of the developer between the units is accomplished by gravity drop utilizing potential 
energy or a pump for feeding a fixed flow rate of liquid. An overflow by gravity drop is used to transport the 
developer from the elution tank 4 to the flocculation reaction tank 7 and from the solid content concentration 
tank 10 to the continuous type vacuum filtration separation unit 12 so that solid content floating on the 
surface of the developer is selectively transferred. 

Depending on the capacity of the elution tank 4, an appropriate range of the flow rate of recycling 
developer which circulates in the developer-circulating apparatus is favorably. 1 through 30 liters/minute, 
and more favorably, 5 through 20 liters/minute if, for example, the capacity of the elution tank 4 is 50 liters. 
If the flow rate of this recycling developer is less than the appropriate range, the adherence of resin tailings 
to the interior of the apparatus such as the elution tank 4 becomes conspicuous. This phenomenon occurs 
on the flexographic printing plate 3 as well during development. If the flow rate of this recycling developer is 
more than the appropriate range, air suction to the liquid feeding pump or a vacuum pump of a filtering 
device becomes conspicuous, which leads to bubbling. Accordingly, as described above, preferably, the 
flow rate is adjusted to the appropriate range. 

Treating process to be performed by each unit is described below. 
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Developing Unit 

As shown in Has 1 and 2, from the flexographic printing plate 3 supported inside the elution tank 4 

!he develop as wel Therefore, the deve.oper can be discharged through a desired place, for example, a 
lower portion or a portion of the bottom of the developing tank 4. 

Flocculating Unit 

As sho.n in FI 3 S. 1 . 2. and 3. in this unit, the eloted/dispe.sed component is lloceuleted and separated 

?E— -* 9 sain ,„d. so M the 9 ,*n aiao o, the soiid cooJonUn 

. srrirrt~orr 

PPm As the flocculating agent to be used in the flocculating process, inorganic and organic (polymer) 

o the pH 7d usting tank 19 through a flow rate-adjusting valve 25 as necessary without l^ l^ the 

45 to the " oTc ntent concentratioTtank 10; and V 2 is the 

he so.id content concentration tank 10 to the pH-adjusting tank 19, favorably, V 2 - (0.1 thr ° u 9 h ^ as 
and more favorably, (0.3 through 0.7) x V,. The so.id content concentrate tank 10 can be ported 
necessary, i.e., it can not be provided if it is of simplified type. 

so Solid/Liquid Separation Unit 

a, shown in Fias 1 2 3 and 4, slurry containing concentrated solid content floating in the vicinity of 
the S^SiTlli solid content concentration tank 10 is supp.ied by an overflow to the corfcnuou 
ype vacuum filtration unit 12. for examp.e. a rotary cy.indrical fi.tenng matena. of an^ C*ve < ^ ^ 
rnnduit 11 The continuous type vacuum filtration unit 12 in the first embodiment has a rotary cylindrical 
M t maJ'a- known as Z Oliver filter. During operation of the apparatus, the J^J^JJ 
fiUering materia, is kept at a pressure-reduced state, namely, at «d^« gh 600 ^ Hg 
and the water content of the slurry supplied to the continuous type vacuum filtration unit 
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11 is absorbed into the filtering material to dehydrate the slurry so that the solid content is adhered to the 

rface o he filtering materia, The rotational speed of the filtering materia, is 
to the formation speed of cake (dehydrated solid content). The filtering material is rotated around a center 
hX a ro ary motor provided to drive only the filtering materia,. The solid content which has adhered to 

. the surface of the filtering material is dehydrated by the suction force of a vacuum pump 15 via the Altering 
matena. The eafter, the solid content (cake-shaped) is discharged to the outside of the apparatus due to 
the Xing effect of the scraper 13 and the cake shoot 14. The vacuum pump 1 5 lb of water-sealed type 
and hence supplementary water is supplied thereto from a filtrate tank 16. Fiftered l,qu,d ,s collected into 
the filtrate tank 16 disposed alongside the vacuum pump 15. 

, 0 The filtering materia, is composed of porous materia, (average of hole diameters: «vera>^ 
through several tens of microns). The filtering material is wound around a porous drum or molde I into a 
cyLrical configuration if the filtering material is hard. The filtering material made of d,a omaceous earth is 
STknown In addition, resin in the form of a sponge layer made of soft polyvinyl acetal Examined 
Snose Patent Publication No. 64-10247) and a porous material formed by mixing hard phenol res.n and 
po^v nyl acetal resin with each other (Examined Japanese Patent Publication No. 3-66004), ceramic and 
material made of carbon may be used. Any of these filtering matena. can be advantageously utilized m the 

^ The 'method"'^ supplying the developer to the Oliver filter is carried out as follows: It is necessary to 
suppTthTsTZ 5 : t he cylindrical filtering materia, from above (namely, top feeding) a virtual honzonta. line 
20 (H) passing through the center of the filtering material, as shown in Fig. 4. 

Bottom feeding of the developer from below the horizontal line (H) is inappropriate, as shown m Ffci 
The reason for this is because the density of the solid content in the developer is low^ t 
the density of the solid content is at least 4 through 5% (density of dried solid content) to pick up me so 
contend through the adhesion thereof to the filtering material in the bottom ^^^^^ 
25 content in the liquid is 0.1 through 1% during continuous elution operation and less than 3/o if the Iiquk « 
concentrated in a previous stage. Thus, the developer is supplied from the solid content concenfraton tank 
10 to the cylindrical filtering material by top feeding, while a liquid supply angle 9, betwee nth mmM 
content concentration tank 10 and the cylindrical filtering material in the range of from a vertical I n M as 
reference, passing through the center of the filtering material to the solid content concentration tank 10 ,s 
so favorably, 6, = 0 through 90°, and more favorably, 20 through 70°. 

If the density of the solid content in the developer is as low as 0.1 through 3% ,n scraping the cake 
which has adhered to the surface of the filtering material, the thickness of the cake ,s frequently 1mm or 
less Consequently, generally, it is difficult to remove the cake by only one scraper 13, as is often the case 
with sticky^esin. Therefore, as shown in Fig. 6, it is necessary to install, below the scraper 13 the cake 
35 Soot 14 with which the cake scraped from the filtering material by the scraper 13 is guided to remove 
here 1. As shown in Fig. 7, preferably, the leading end of the cake shoot 14 has an angle «■ con orrnrty 
to the peripheral direction (or tangential direction) of the filtering material so as to improve the cyllectng 
performance .hereof. Accordingly, supposing that e 2 is an angle between the vert,ca. ne W ^ing 
through the center of filtering material) and the edge of the scraper 13, favorably, e 2 = 45 throug 135 
40 and more favorably, 60 through 120*. Supposing that 9 3 is an angle between the vertical ne , M and .the 
leading end of the cake shoot 14, favorably, e 3 = e 2 + (3 through 45'), and more favorably e 2 * (5 
through 30'). Supposing that 0 4 is an angle between a tangential line drawn on Ihe surface of the filtering 
material and the scraping surface of the scraper 13. favorably. 8* = 0 through 45". and more favorably 5 
through 30» Supposing that L is an interval between the cake shoot 14 and the surface of the filtering 
45 material as shown in Fig. 7, favorably, L = 0 through 3mm, and more favorably. 0.1 through 2mm 

Tne conventional collecting method (EP430.233A) based on the separation of res.n grams from liquid 
owing to the precipitation thereof caused by allowing developer to stand and the collecting method 
(USP4 239 368 and EP430.233A) based on the separation of resin grains from the liquid by means o a 
cartridge filter have problems that it takes much time to collect solid content because the developer ,s ; left 
so overnight and thus operability and efficiency are unfavorable; an amount to be treated « smaH; and a filter 
clogs in a short period of time and it is necessary to replace filters repeatedly if the amount of the 
developer to be treated is to be increased. These problems do not occur when the Oliver filter is used, and 
thus the present invention is advantageous in this point. 

55 pH-Adjusting Unit 

The filtrate in the filtrate tank 16 is sent to the pH-adjusting tank 19 by the overflow. The developer 
taken out from the bottom of the solid content concentration tank 10 is supplied into the pH-adjusting tank 
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,9 through the flow rate-adjusting valve 25. That is, transparent filtrate M ^ m ^^^Z 
removing the solid content obtained in the solid content-concentrating process and the ftong p oces 
pZ 'y performed is supplied to the pH-adjusting tanK 19. By 

necessary amount of pH-adjustor (acid or alkali) is supplied to the pH-adjustmg tank 19 from the tank 18 
rough an e,ectromag P neti C valve 23. The pH-adjustor means acid or ^ff^"^'^ 
weak alkali <dH 9 5 through 9.8). acid is mainly preferably used to neutral.ze the weak alkah. As ac.ds, 
Zt ic ac S such as slric acid, hydrochloric acid, or nitric acid, or organic acid such as :ctfnc aod, 
maS acid or acetic acid is used by preparing water solution thereof diluted appropnately (about 1 through 
^t). adlotas necessary, a heater 20 for keeping the pH-adjusting tank 19 at * 
for a subseauent developing process can be provided in the pH-adjust,ng tank 19. Pur,f,ed liqu.d re 
obJnec I by the pH adtsLeVin the above manner is returned to the developing tank 4 through a feed- 
hark duitid 21 and then utilized tor elution again. 

vTen'photosensitive resin compound disclosed in Japanese Laid-Open ^.^J'^a plate 
300246 or Japanese Patent Application No. 4-49438 is used as material for composing p nnt ng plat • 
baste substance is dissolved in water to some extent. Consequently, the hqu.d becomes weak-a kali (pH. 9.5 
Irolh 9 8MUS necessary to keep the pH of the developer to at least the effluent standard value or less .n 

ranae is set to 5 5 through 8.5 by the control of a microcomputer incorporating the pH meter 
ess than f 5 nofonly the developing performance of a printing plate can be adversely affected but also a 
portion of the appa atu in contact w'h the developer may be corroded with the elapse of tmej pH . 
SSTttwi 8 5 there is a possibility that a human body, for example, the operator's sk.n ,s affected. If a 
Zpound is ap to be dispersed in the entire developer due to its se.f-emu.sification acfon when the pH s 
moTe than 9 the pH is adjusted to 8.5 or less so as to restrain the se.f-emu.sificat.on acfon and fachtate 
flocculating/separating operation to be performed ,n a later stage. ahwhfrpmove a basic nitroqen- 

As another method of adjusting the pH. an absorbing earner is used to absorb/remove a basic nwogw 
contained complnd of the photosensitive resin compound, which has dissolved in the developer (water 
TaHo remove°Urom the developer. This method makes it possible for the pH of the developer to be kept 
Imn a pTrLge appropriate for plate-making without increasing the pH. Activated carbon and .on 
IxcTange "es are used as absorbing carriers in the above method. If the basic nitrogen-contained 
, compound Z ^soluble, the utilization of the ion exchange resin is preferable because ,t « supenor in 
h rpZ JoTaLrbing it. As the ion exchange resin, strong acid cation exchange ™ 
^R^OB (manufactured by Rome and Hurse Corp.) is most favorable As the f^-«JJ 
ion exchange resin, preferably, after the ion exchange res.n is encapsulated in a bag of about bu tnrougn 
Z7e S TflZx 300 X^ 70 microns), the bag is immersed in the pH-adjusting tank 19 shown m Rg 2 
- fr Z Z is instated to be filled in an ion exchange resin cartridge 26 provided on a path through wh.ch 
iSuid to be treated is fed from the filtrate tank 16 of the Oliver filter to the pH-neutral.zat.on tank 9, as 
shown in Fig 21 t his manner, the ion exchange resin can be conveniently replaced. A time for rep aang 
the ion exchange resin should be judged by a control method of a P H measured by the P H meter 22 
provided in the neutralization tank or the conductivity of the filtrate, 
o If merely the pH-adjustment is incapable of completely preventing the occurrence of the self 
° em action* the compound and adjusting the grain diameter to a grain size 

seoaratina the solid content from the liquid, the solid content .s dissolved in the liqu.d or f.ne gra.ns less 
Z a proper g ain size are precipitated, flocculated, and dissipated in the liquid by providing he 
S^Z^ <* add^ a proper amount of flocculating agent to the liquid subsequent to he 
,s devetoo nd process In this manner the solid content can be removed. Thus, the filtering mater.a. of the 
vacutm can be prevented from Cogging, and hence the liquid-treating performance per t.me 

and the efficiency of dehydrating water content from the cake can be improved. 

A?an exa mp ,e, comparison data obtained in a case in which only pH-adjustment of a ..quid was 
oerfoTrnea a case in which the pH-adjustment of a liquid was performed and flocculating agent was used, 
so ^a case in which neither ^adjustment of a liquid was performed nor f,occulating agent was used , 
shown below. 

Example (Preparation of Plate Made of Photosensitive Resin) 



55 



Five hundred parts of xylene solution (density of solid content: 90%) of L.R30 (isoprene polymer 
estimated motcular weight: 29,000, manufactured by Kurare Co.. Ltd). 30 parts of ^^<*£ 
one part of NOCRAC 6C (N-phenyK1,3-dimeth,buty.)-p-pheny.diam,ne, 77 ,aCtU ^, b a %^^ S r h ;t 
Chemical Industry Co., Ltd.) were put into a two-liter-volume four-open.ng flask on which a st.rrer. a reflux 
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condenser, nitrogen-introducing pipe, and a thermometer had been installed. Then, the substances were 
allowed to react with each other at 190°C for six hours with nitrogen gas current present. Thirty parts of n- 
butanol three parts of N.N-dimethylbenzilamine, and 17 parts of xylene were added to polymer of maleic 
isoprene thus obtained, and these substances were allowed to react with each other at 135' C for 30 

5 minutes. In polymer of maleic half-ester-denatured isoprene thus obtained, the density of solid content was 
90% acid value of solid content consisting of resin was 40, and the molecular weight thereof was 32,000. 
Seven parts of N,N-dimethylaminopropylmethacrylamide, 28 parts of copolymer of styrene-.soprene-styrene 
(Clayton #1107, manufactured by Shell Corp., diene monomer unit at 90 mole %, molecular weight 140,000, 
rubber portion was -60 *C and styrene portion was 95 "C as glass transition temperature), 13 parts of 

io methacrylic acid lauryl, 10 parts of 1 ,6-hexandioldimethacrylate, 0.25 parts of 2-ethylanthraquinone, 0.25 
parts of benzoil methyl ether, and 0.5 parts of 2,6-di-t-butyl-p-cresol were added to five parts of the above 
polymer and 36 parts of bridged grain polymer (grain diameter : 0.05u) consisting of 69.0 wt% of 1,3- 
butadicne, 9.0 wt% of methacrylic acid, 2.0 wt% of divinyl benzene, and 20.0 wt% of methyl methacrylate. 
The substances of the mixture thus obtained were fully mixed by pressure-applying two-axis kneader. A 

is photo polymerization resin compound thus obtained was extruded, by a kneader pressing device having a 
T-die. on a polyester film to which chloroprene adhesive agent and HIBON 1920LT (manufactured by 
Hitachi Chemical Co.. ltd.) had been applied in a thickness of 5u. As a result, a plate having a 1.7mm thick 
photosensitive resin layer was obtained. 

Irradiation was carried out for 10 minutes by an ultraviolet lamp of 350W, with a negative film having an 

20 appropriate image uniformly brought into contact with the surface of the photosensitive resin layer of each 
of photosensitive resin plates in vacuum, and photosensitive resin plates were developed for five minutes 
per photosensitive resin plate by using water of 40 °C by the apparatus according to the first embodiment. 
In order to adjust the pH-adjustment of the developer, 1% dilute sulfuric acid was used. As flocculattng 
agent, 0.02% water solution of Sunflock C-109P (acrylic polymer having quaternary ammonium salt in side 

25 chain; cationic high polymer flocculating agent, manufactured by Sanyo Chemical Co., Ltd) was used. 

Table 1 shows comparison data obtained in a case in which only pH-adjustment of a developer was 
performed (experiment No. 2). in a case in which the pH-adjustment was performed and flocculating agent 
was used (experiment No. 1), and in a case in which neither the pH-adjustment was performed nor 
flocculating agent was used (experiment No. 3). 
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Table 1 

[Common condition] 

size of plate developing capacity of ' recycling 

to be Looped time period developing tank flow rate 
(number of plates) 

A 2 size (10 plites) SOl^I^i 5.0 liters 5 liters/mm 

(5 minutes/ 
plate) 



[Individual condition] 

expe riment No. adjusted"^ addition amount of 

- L flocculating agent (ppm) 



10 
0 



T~ ~ 7.0 

2 * 

3 8.8 (not adjusted) 0 



*) Measured by the pH meter 22 provided inside the pH- 
adjusting tank 19 (40°C) 

[Experimental result - comparison between solid/liquid 
separating performance and dehydration rate of cake) 



E^rl^elnT-Tr^aHni^ " percentage (%) of solid 

No (liter/min) (Note 1) content m cake (Note 2) 

1 73 "56 

2 5 32 

3 < 0.5 (cannot be fil- 17 
tered in 10 minutes 

Note 1) Cylindrical filtering material (hole diameter: 25 
microns) having a surface area 700cm 2 was used. 
Note 2) Percentage of solid content in cake scraped by scraper 
is shown, (Number of rotations of filtering material: lOrpm, 



ultimate vacuum: -600 mmHg) 

In the experiments Nos. 1 and 2, the developing performance of a plate relief was favorable In the 
experiment No Tu 'which the solid could not be separated from the liquid, the solid content of res.n was 
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accumulated in the developing tank 4. As a result, the resin layer adhered to the brush 2 and the tank of the 
SexograpS Anting plate 3 during development and hence, a favorable plate relief could not be formed. 
The developer is circulated in the above-described unit. 

Photosensitive resin compounds suitable for the application to the developer-c.rculat.ng , method and he 
aooaratus for carrying out the method in the flexographic plate-making process are less than 1 in specific 
g S ^ and mo^eLorablv, 0.85 through 0.99. and in addition they are required to be deve,o P ab,e by us,ng 
water or an aqueous medium. Preferably, as shown in Japanese Laid-open Patent Publ.cat.on No. 1-300246 
and Japanese Patent Application No. 4-49438. the compounds comprise: three-dimensional bridged gram 
polymer (Microge.) having a diameter of 0.01 through 5u obtained by polymerizing , ™«»< e 
conjugate diene monomer and monofunctiona. ethylene unsaturated monomer and/or mu^functona, 
ethylene unsaturated monomer; hydrophobic elastomer having a molecular weight of 5.000 through 
1 000 000 and containing at least 30% mole of conjugate diene monomer un.t per molecular .n the 
compound; compound containing basic nitrogen atoms; photo polymerization ethylene unsaturated mon- 
omer and photo polymerization initiator. 

Depending on necessity, compound including photosensitive resin compound consistmg of hydrophiUc 
polymer containing hydrophilic functional group and the molecular weight of which is 1.000 through 
1,000,000 is also suitable. . 

The following polymers are suitable provided that specific gravities thereof are .n the above-descnbed 
range: aliphatic conjugate diene. namely, homopolymer or copolymer such as butadiene, isoprene and 
isobutylene- copolymerization resin (including block copolymerization) consisting of conjugate diene and 
(meta) acrylic acid or (meta) acrylic ester, and styrene monomer; organic acid such as maleic acid thereof. 

and amine-denatured resin. 

But as an example, elastomer containing heavy atom such as chlorine in a great amount, for examp e. a 
part of chloroprene rubber and chlorinated polyethylene has a specific gravity more than one. Therefore, 
compound containing such components is unsuitable. Preferably, photosensitive resin compound to be 
used in the present invention does not have a problem in development even though emulsifying agent is 
not used in dispersing resin of an unexposed portion in the developer. 

According to the present invention, water is used as the developer. As water, punfied city water ,s 
preferable Preferably, ion exchange resin is used for natural water such as ground water which .s high in 
hardness and hence unsuitable for plate-making, or the natural water is distilled to make it soft. 

It is not always necessary to add water-soluble organic solvent (for example, alcohols) or surface act.ve 

agent to the developer. .... • , u ^, lh(; j 

According to the first embodiment, after the solid content such as resin m the developer .s flocculated 
the solid content is separated from the liquid successively. Thus, an unnecessary substance (solid content) 
can be efficiently discharged from the apparatus. Therefore, the quality of manufactured pr.nt.ng plates are 
uniform, and the unnecessary resin does not adhere to the printing plate or the apparatus. Thus it can 
oreatly prevent the printing performance of the printing plate from being deteriorated and the durability of 
the apparatus from being reduced. Further, the developer from which the solid content has been removed 
can be recycled so that the developer can be utilized again in development and thus running cost can be 
reduced In addition, since the resin compound having a specific gravity less than 1 is used, it is ; easy for 
the solid content to float on the surface of the developer and hence liquid containing the solid I content 
having high density can be supplied to the solid content concentrating process. Accordingly, the solid 
content can be discharged effectively and solid content-collecting time period is short. Thus, operation 
efficiency, work efficiency, and processing efficiency are favorable. Furthermore, the pH of the developer 
from which the solid content has been removed can be adjusted so that the developer does not adversely 
affect a human body. Therefore, dissolved chemical substances do not adversely affect a human body and 
hence the developer has excellent safety and in addition, the increase in the viscosity of the developer can 
be prevented. Thus, the change in the characteristics of the developer such as pH can be reduced and 
printing plates can be made in uniform quality. 

The present invention is not limited to the first embodiment, but can be embodied in various aspects. 
For example, as shown in Figs. 8 and 9, according to the second embodiment, it is possible to adjust, in the 
flocculation reaction tank 7. the pH of the developer containing a resin compound of an unexposed portion 
discharged from the developing tank 4. It is preferable to select flocculating agent, to be used in the second 
embodiment, having a function of flocculating the solid content, dissolved or dispersed .n liqu.d to be 
treated in a grain size appropriate for separating the solid content from the liquid and a function of 
adjusting the pH of the developer. More specifically, the following inorganic flocculating agents (hereinafter 
referred to as acidic flocculating agent) indicating acidic property in water solution are favorable: aluminum 
salt (aluminum sulfate, sodium aluminate, polyvinyl aluminum); and iron salt (iron sulfate (I), iron chloride 
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10 



20 



» * /.m ^hinrinatPd conoaras) Of the above, aluminum salt having property of not coloring 
pro ,on acid toW> ^ ™ , 0 , he ^.teoibad inorganic Hoc- 

metenng pump 24 by an aut ^ ^ tr( r ° T P above jn the second embodiment, the solid content 

hose meTs embodiment in that 1% water solution of aluminium sulfate was used "J^^-J^ 
The experimental result is shown be.ow together with the result (expenment No. 5) of the f,rst 

embodiment. 
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Table 2 

[Common condition] 

size of plate to developing Opacity of ' recycling 
to be developed time period developing tank flow rate 

(number of plates) 



A2 size (10 plates) 50 minutes 50 liters 

(5 minutes/ 
plate) 



5 liters/min 



Addition amount of flocculating agent: 20 ppm (average value) ; 
Adjusted pH : 6.0 



40 



45 



50 
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[Experimental result - solid/liquid separating performance and 
dehydration rate of cake] 



No. 


apparatus 
used 


treating 
performance 

(Note 1) 

(liter/min) 


percentage (%) of solid 
in cake (Note 2) 


4 

5 


Fig. 9 
Fig. 2 


8.5 
7 


59 
53 



Note 1) Cylindrical filtering material (hole diameter: 25 
microns) having a surface area 700cm 2 was used. 
Note 2) Percentage of solid content in cake scraped by a 
scraper is shown. 

(Number of rotations of filtering material: lOrpm, ultimate 
vacuum: -6 00mmHg) 

In the experiments Nos. 4 and 5, each of developing performance of a plate relief was favorable. 

The P H-adSg treatment may be omitted if the developer is safe and the solid content can be 
separated from the liquid smoothly even though pH-adjustment is not performed. 

L th d embodLnt, as shown in Figs. 10 and 11 and by the above-described expenmen Na 2 if a 
arai sU aJred is generally suitable for separating the solid content from the liquid by merely adjusting 
L P H of The developer, the provision of the f.occulation reaction tank 7 may be omitte d and the so d 
content concentration fank 10 may be provided at a portion subsequent to the developing tank 4 That ,s in 
Z 11 he deeper discharged from the weir 6 of the developing tank 4 is supplied into the solid content 
concentration tank 10 so that the above-described operation for separating the sohd content from the liquid 
SSS Referring to Fig. 11, reference numeral 30 denotes a metering pump for measuring the 
LountT pH-adlustor and 31 denotes a weir for preventing a short pass of liquid flow in the pH-adiusting 

tank !Us possible to omit the provision of the flocculation reaction tank 7 and the solid content concentration 
tank 10 and connect the developing tank 4 with the vacuum filtration un.t 12 d.rectly. 
A fourth embodiment is described below. 

fn a conventional stirrer-equipped flocculating tank, the short pass of a liqu-d flow occurs and hence Us 
difficult to mix the flocculating agent with the developer uniformly. As a result, a floccu at ion-,nsuffi ent 
oorton accelerates the clogging of the filtering material. A portion causing an excess.ve flocculat on soils 
^a^Tsuriacesrt pies, thus preventing the smooth flow of the developer and making ,t d.mcult 

t0 ^Ze?T2e these problems, it is possible to provide a function of flocculating the solid content in 
the developer by means of flocculating agent and separating the solid content from the hqu. and 
neutSg the Late to be re-utilized, by using the above-described acric floccu.at.ng agent ,n the 
flocculatinq process so as to adjust the pH of the developer to 5.5 through 8.5. 

'nSourth embodiment, in the flocculating process, improvements are made on » 
to uniformly mix acidic flocculating agent with the developer discharged from the e.ution tank by an 

We According to the above construction, the developer discharged by the overflow is introduced horizon- 
tal a hopper having a cone portion at a lower portion thereof so as to generate a rotary water flow. 
Se or the solid conL in the developer can be efficiently uniformly flocculated by acce.era^ . the 
n, It of' he flocculating agent which has dripped from an upper portion of the hoppe, 
water flow generated in the hopper causes a turbulent state in a pipe connected with a port,on subsequent 



EP 0 624 82» Al 



uniformly mixed with the developer prevents the solid content from clogg.ng on a bag shaped 
qreat degree, thus improving filtering efficiency remarkably. 
, Each unit of the apparatus according to the fourth embodiment is descnbed below. 

Developing Unit 

A conventional ..exographic printing plate-making apparatus Cf^^^^^ 
, pipes [pipes are instal.ed on an outlet (a portion ^^^SS^TZ has been Called) of 
of overf«owed water and an inlet (a port-on on a cover; 42 denotes a 

the brush 44 from the flexographic pr.nt.ng plate 42, and the resin is dispersea in 

12. These apparatuses are applicable to the fourth embod.ment. 
30 Flocculation Unit 

The fourth embodiment is characterized in the flocculating unit. Hi ,. noge d 
As shown in Fia 15 the developer is introduced into the hopper 46 having a cone portion 46a disposed 

L- ** (— a*,., sodium alun*a< e . ^« ^S^Z 

*r rasas rs-s.. ^ M - 
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. ^ . ^ m^iPir arid cationic Dolvmer (water-soluble aniline resin, polythionic urea, 

particular, aluminum salt having property of not coloring the filtrate is favorable 

Different accordinq to the kind of flocculating agent, favorably, the flocculat.ng agent .s njectec I to the 
deveZe pump 53 in a range of 5 through SOOOppm, and more favorably 20 through 
0 P pm pLor^y a sL appropriate for the filtration/separation in the fourt ^d,men ■ 

approximately 20 microns through 5mm and more favorably, it ,s adjusted to 0.1mm or more so as to 
improve the filtering efficiency in the filtering method utilizing grav.ty drop. 

Solid/Liquid Separation Unit 

As shown in Figs. 16 through 18, a rectangular bag filter 61 formed by folding a piece of cloth double 
■ and sUg three sides togeJr except the folded portion is prepared, and 

inserted into the bag-shaped fo,ded portion of the filter 61. Preferab ly the mafena the - 61 ■ c^th 
made of rayon, polyester, polypropylene, or nylon. Screen gauze (made of ^J^^SSX 
conventionally used in screen printing may be processed to use ,t as matenal of 

average diameter of the hole of the filter is 3 through 500 microns, and more favorably, 20 through 200 
o ZZ to prevent the filter from clogging, improve dehydration performance, and improve > ^ o 
collecting the solid content. Desirably, the filtering area of the filter 61 ,s great. Depend.ng on he md of 
Sum, and filter, as a criterion, favorably, the supply amount (load) of slurry per area cm*) of 
ttlgh 10 milliliters.^ per time (one minute), and more favorably, 0.1 through 5 m.n.l.ters/cm* to prevent 

, 5 ^Z'Z^^^^^ -in is favorably put - the bag filter 6t 
5 befoLhandTfacilitate the filtraL of the flocculated solic .content ^and a pH I control in ^CTS 
basic nitrogen-contained compound which has dissolved in water. In th,s case, ,t .s poss.ble to use 
flocculating agent such as high molecular flocculating agent having no pH-ad.ustmg function. In add,t.on 
SSTsJSTaddic cation exchange resin is put into the bag filter 61, it can be collected together w,th 
30 the resin solid content after the use and thus it can be handled easily. 

pH-adjusting Unit 

Filtrate which has dripped from the filter 61 is stored in the filtrate tank 51- As shown in I JMJJ£P" 
35 value of the filtrate in the filtrate tank 51 is measured by the holder-provided pH meter 55 (a sensor is 
deposed at taring end thereof); a signal indicating a measured value is converted by an automatic 
contSS 54 coined by a microcomputer; and a switch or the stroke length of the floccu.at.ng agent 
feed Metering pump 53 is automatically controlled. In this manner, a liquid feeding amount ,s controlled. 
^mSX^^ tank 51 is supplied to the developing tank 4 by the purified liquid-feedback pump 
40 57. 

Example (Preparation of Plate Made of Photosensitive Resin) 

Tests approximately similar to the examples made on those according to the above ;d^cribed 
45 embodiments were conducted by using the apparatus (Fig. 14) according to th e fourth < ^bodimeni The 
Samples of the fourth embodiment are different from those the above-descnbed embod.ment .n that 1 /<> 
wa er soLl 0 f sulfuric acid was used as flocculating agent. Referring to Fig. 14, 81 denotes a coven 82 
denotes a fitted flexographic printing plate; 83 denotes the main body of the elution apparatus; 84 denotes a 
brush 85 denotes a plate-fitted drum; and 86 denotes a drum-driving motor. Table 3 shows companion 
so data obtained in a case in which a conventional flocculating tank was used; in a case in which _the 
flocculating device according to the fourth embodiment was used; and in a case ,n which no flocculating 
device was used. 
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Table 3 

[Common condition] 



-I o o "P rjl ate to 
to be developed 
(number of plates) 


developing 
time period 


capacity of 
developing tank 


recycling 
flow rate 


A2 size (10 plates) 


50 minutes 
(5 minutes/ 
plate) 


50 liters 5 


liters/min 



Addition amount of flocculating agent: 30 ppm (average value) ; 
Adjusted pH: 7.5 

Surface area of bag filter: 8,500cm 2 (average hole diameter: 
35/i) 



[Experimental result] 



flocculating soil of unit pipe 
un it after operation 


filtering performance 
of filtering material 


hopper (fourth not polluted much 
embodiment) 


not clogged 


flocculating tank polluted much 
(conventional) 


clogged much 


flocculating devxce 
not provided 


clogged much more 
impossible to filter 
in 15 minutes 



filtrate tank 1 1 . 
Claims 



A developer-circulating method in a process of making a flexographic printing plate, characterized in 

CO TS.o P ing process of developing the flexographic printing plate composed of photosensitive 
resin comptu diss than one in specific gravity and containing water-dispersion type res,n component^ 
a f occu.a ng process of f.occu.ating resin component contained in deve.oper containing unexpo ed 
photosensitive resin compound discharged from the developing process by means of supplied 
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flocculating agent after the developer is supplied, and discharging flocculated liquid containing the 

flocculated resin component; and . H«»*«n«i 

- a solid content/liquid content separating process of separating the flocculated hqu.d d.scharged 
from the flocculating process into a solid content and a liquid content and supplying the developing 
process with only the liquid content again by discharging the solid content and the liqu.d content 
separately. 

> The developer-circulating method in the process of making the flexographic printing plate, as claimed 
in claim 1 , further comprising: a pH-adjusting process of adjusting a P H of the liquid content discharged 
from the solid content/liquid content separating process to 5.5 through 8.5, provided subsequently to 
the developing process and the solid eontent/liquid content separating process, and supplying the 
developing process with the pH-adjusted liquid content again. 

3 The developer-circulating method in the process of making the flexographic printing plate, as claimed 
in claim 1 or 2, wherein in flocculating the resin component by means of the flocculating agent in the 
flocculating process, the resin component is floated on a liquid surface-side by allowing the developer 
to stand, and the floated resin component is discharged to the solid content/liquid content separating 

process. 

4 The developer-circulating method in the process of making the flexographic printing plate, as claimed 
in claim 1, wherein in the flocculating process, a P H of the developer containing the unexposed resin 
compound discharged from the developing process is adjusted to 5.5 through 8.5. 

5. A developer-circulating apparatus in a process of making a flexographic printing plate, characterized in 

^Tdeveloping tank (4, 43) for developing the flexographic printing plate composed of photosensitive 
resin compound less than one in specific gravity and containing water-dispersion type res.n component; 

a flocculating tank (7, 46) for flocculating the resin component contained in developer contammg 
unexposed resin compound discharged from the developing tank by means of supplied flocculatmg 
agent after the developer is supplied thereto and discharging flocculated liquid contaming the floc- 
culated resin component; and . 

a solid content/liquid content separation device (12, 61) for separating the flocculated liquid 
discharged from the flocculating tank into a solid content and a liquid content and supplying the 
developing tank with only the liquid content again by discharging the solid content and the hqu.d 
content separately. 

6 The developer-circulating apparatus in the process of making the flexographic printing plate as claimed 
in claim 5, further comprising: a pH-adjusting tank (19), disposed between the solid content/Hqu.d 
content separation device and the developing tank, for adjusting a pH of the liquid content d.scharged 
from the solid content/liquid content separation device to 5.5 through 8.5 and supplying the developing 
tank with the pH-adjusted liquid content. 

7 The developer-circulating apparatus in the process of making the flexographic printing plate as claimed 
in claim 5 or 6, further comprising a standing tank (10) for causing the resin component to float on a 
liquid surface-side thereof in flocculating the resin component by means of the flocculating agent and 
discharging the floated resin component to the solid content/liquid content separation device. 

8 The developer-circulating apparatus in the process of making the flexographic printing plate as claimed 
in any one of claims 5 through 7, wherein the solid content/liquid content separation device is a 
continuous type vacuum filtration separation device having a rotary cylindrical filtering material; and a 
liquid supply angle e, between the flocculating tank and the filtering material in a range of from a 
vertical line (V) passing through the center of the filtering material to the flocculatmg tank is e, - 0 
through 90 • . 

9 The developer-circulating apparatus in the process of making .the flexographic printing plate as claimed 
in claim 8, wherein the vacuum filtration separation device has a scraper (13) for scraping cake which 
has attached to the filtering material and a cake shoot (14), disposed below the scraper, for guiding the 
cake adhered to the filtering material so as to be scraped from the filtering material; a leading end of 
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. ^^nfnrmitx/ tn a DeriDheral direction of the filtering material; supposing 

the cake shoot and the surface of the filtering material, L = 0 through 3mm. 

Tch^d dLopin, »n k ,,««u SM d ,0 5.5 «.-«U9h 8 5 in <h, f,occ u ,»g (7, 46). 

which the developer is discharged, 
composed of a bag filter. 

13. A developer-circulating method in a process of making a f.exographic printing plate, characterized in 
COm a Pr developing process of developing the flexographic printing plate composed of Photosensitive 

the pH-adjusted liquid content again. 
14. A developer-circulating apparatus in a process of making a flexographic printing plate, characterized in 
"^'developing tank (4) for developing the flexographic printing plate composed of Photosensitive 

the pH-adjusted liquid content again. 
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